
10.4 Vegetation of Malagasy Inselbergs 

E. FISCHER and I. THEISEN 

10.4.1 Introduction 

While the geomorphology of inselbergs in Madagascar is well known, their 
vegetation structure up to now has been less analyzed. Mostly, informa
tion from the surrounding savannas and forests is available. Until today 
only few publications concerning the vegetation of inselbergs are obtain
able (Rauh 1973,1992; Koechlin et al.1974), and even in recent publications 
(e.g., Lowry et al. 1997), inselbergs are mentioned only marginally; new 
publications on Malagasy inselbergs are not available. However, due to the 
increasing habitat destruction on Madagascar, inselbergs play an im
portant role in conservation. On the Central Plateau, they mostly represent 
the only vestiges of natural vegetation. The present chapter provides many 
new data and fills a gap in our knowledge of these inselbergs. A more 
detailed account will be published elsewhere. The data presented here are 
mainly based on field studies made by E. Fischer and I. Theisen from 
March to April in 1993. 

10.4.2 Geography and Geology 

With a total land area of 587 000 km2, Madagascar, the fourth largest island 
in the world, is 1600 km long and 580 km wide. Two-thirds of this "micro
continent" consists of a Precambrian crystalline basement with granite and 
gneiss which had been extensively metamorphosed over the intervening 
period, covering an area of 400 000 km2• A narrow coastal plain lies behind 
the seaboard, soon interrupted by a steep escarpment which rises abruptly 
from the warm lowlands to form a plateau varying in height from 800 to 
1500m. This upland region (Central Plateau), forms a vast area which 
gradually dips downwards towards the northern and southern lowlands. 
The Central Plateau is not a flat area, but consists of a complex blend of hills 
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and valleys brought about by extensive reworking of the crystalline base
ment, by geological forces and by eons of erosion. This has given rise to 
numerous outcropping peaks made up of rocks such as quartz and granite 
or gneiss, which are more resistant to weathering (e. g., the granite peaks of 
Andringitra and the quartz of Itremo). The region between Fianarantsoa 
and Ambalavao is especially rich in inselbergs (Fig. 1004.1). Here, isolated 
monoliths of smooth, rounded granite dominate the surrounding vege
tation of grassy plains and scattered rice fields. These rocky islands pro
trude from a vast blanket of red lateritic clay which covers the main part of 
the Precambrian basement rocks, varying in depth from 10 to as much as 
80 m. This characteristic red soil- responsible for the "great red island" - is 
easily eroded, when torrential rains sweep the lateritic soils into the rivers 
turning them red. Most of the central highlands are now covered with 
grassland, which is burned off annually. Many of the major massifs (e. g., 
Ankaratra, Itasy) on the Central Highland are not derived directly from the 
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Fig. 10.4.1. Distribution of in
selbergs in Madagascar 
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original Precambrian basement rocks, but are the results of more recent 
volcanic events. The western third of the island is generally of much lower 
relief, consisting of sedimentary deposits which exhibit a limited amount of 
folding. Ancient Permian deposits (280-225 Ma) are overlain by sediments 
from the Jurassic and Cretaceous periods, the latter being mainly of marine 
origin. These Mesozoic limestone and chalk forms the Plateau Calcaire, 
which drops down in three steps to the Mozambique Channel. In the Isalo 
mountains in the southwest the sedimentary sandstone rocks have been 
intensely eroded into a landscape of winding canyons. For a detailed survey 
of geology and soils see Battistini and Hoerner (1986). 

10.4.3 Climate 

Madagascar undergoes a high diversity of climates (Rauh 1973, 1992; 
Koechlin et al. 1974). Its geographic position between latitude 12° and 25° 
south under the tropic of Capricorn set the large island into the tropical 
zone. The prevailing influence on temperature and rainfall is the presence 
of the great eastern mountain ranges, which interrupt the moisture
bearing winds coming from the Indian Ocean (monsoon). They climb up 
the mountains, the air cooling down with rising altitude, and unload most 
of their moisture. Here, annual precipitation of 3500 to 5000 mm can 
be observed. From the eastern slopes, the winds blow westward across 
the Central Plateau, bringing with them only limited rain (up to 
1000-1500mm) with a winter dry season of 4 to 7 months. However, fog 
provides sufficient air humidity to enable rich growth of lichens (Usnea 
spp., Cladonia spp.). The dry west, southwest, and extreme north (Cap 
d' Ambre) have an annual rainfall between 500 and 900 mm, the dry season 
lasting between 7 and 9 months. The extreme southwest of Madagascar has 
a characteristic semidesert regime (precipitation about 350 mm), with a 
prolonged dry season broken by sparse and unpredictable rains. The 
temperature varies according to altitude and latitude, from subequatorial 
humid to subtropical dry weather (see Rauh 1992). 

10.4.4 Vegetation 

The main reason for the fascination of Madagascar is the species richness 
of its vegetation. The unique flora, of which about 80 % are endemic (Rauh 
1973; Leroy 1978), consists of at least 12000 species of flowering plants. 
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Madagascar is separated from Africa by the Mozambique Channel, a tract 
of water only 300 km wide at its narrowest point, yet of fundamental 
importance in having shaped the evolutionary destiny of Madagascar's 
plants and animals by allowing them to evolve in isolation and high 
endemism. 

The vegetation of Madagascar can be differentiated into two main 
regions: eastern and western. Along the eastern coast, the richest forma
tion of all vegetation types, the Eastern Lowland Evergreen Rainforest is 
situated. It is divided into the forest on the flat, sandy coastal plain - which 
has now been totally destroyed and replaced by grasslands or Philippia 
thickets - and the lowland evergreen rainforest of the eastern slope up to 
800 m. The diversity of species in this type of forest is extraordinary: ca. 
90 % of the constituent plants are endemic to Madagascar. Some examples 
are Cycas thouarsii, Dypsis decaryi, as well as 140 further palms of this 
genus, all endemic to Madagascar (Dransfield and Beentje 1995). In the 
swamps and Sphagnum bogs, the carnivorous Nepenthes madagascariensis 
and N. masoalensis are found. The evergreen montane forest, situated 
above 900 m on the mountain range of the Central Plateau, is especially 
rich in epiphytes. The palms of the lowland rainforest are replaced by tree 
ferns of the genus Cyathea (33 species, 31 of them endemic). The genus 
Impatiens occurs with ca. 120 species, nearly all of them endemic. Above 
2500 m an ericaceous shrub forest similar to that occurring on East African 
high mountains can be observed. An alpine zone (paramo), however, is 
lacking. The main parts of the Central Plateau, nowadays devasted and 
covered with secondary grassland and rice fields, were inhabited by a 
sclerophyllous forest with Uapaca bojeri and several members of the 
endemic Sarcolaenaceae (Sarcolaena spp., Leptolaena spp.). Today, only 
scattered remnants can be found on the western slopes of the Central 
Plateau. Inselbergs are most frequent in this region and represent dry 
islands in a more or less humid climate, which have probably always 
been free from forest vegetation. The deciduous dry forest is widely distri
buted in western and northern Madagascar, occurring mainly on Mesozoic 
rocks. In northern Madagascar, Euphorbia species (e. g., E. ankaranensis, 
E. neohumbertii), Pachypodium species (e. g., P. baroni, P. decaryi, P. ambon
gense), and the baobab Adansonia suarezensis dominate. In the central and 
southern parts, pachycaul trees like Delonix spp., Adansonia grandidieri, 
A. fony, A. madagascariensis, and A. za can be found. The southwestern dry 
regions are covered by a xerophytic scrub with dominating Didiereaceae 
(Didierea madagascariensis, D. trollii, Alluaudia procera etc.) and arbo
rescent Euphorbia species. For a more detailed account of vegetation see 
Koechlin et al. (1974) and Rauh (1973). 
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10.4.5 Inselberg Vegetation 

Inselbergs occur in most of the vegetation types and climate zones of 
Madagascar. They are especially frequent on the Central Plateau (Fig. 
1004.1), but can also be found along the eastern coast south to Fort Dau
phin (Tolianaro). In northwestern and southwestern Madagascar, granitic 
outcrops are replaced by limestone or sandstone rocks (see above). 

In the following, a survey of characteristic habitat types observed on 
Malagasy inselbergs is presented. 

10.4.5.1 Exposed Rock Surfaces 

Cryptogamic Vegetation of Rock Surfaces. Sun exposed, bare rocks are 
usually covered by crustose lichens and cyanobacteria, the latter often 
restricted to wet parts. Thus cryptogamous settlement is responsible for 
the black and brown color of almost every inselberg. Dominating lichen 
species are Acarospora sp., Buellia sp., Caloplaca sp., Peltula cf. obscurans, 
Protoparmelia sp., and Xanthoparmelia sp. 

Inselbergs in the Central Plateau are covered with chlorophytic lichens 
like Heterodermia, Diploschistes, Verrucaria and Usnea. Several Usnea 
species may form mat-like covers up to 5 cm high. 

Cryptogamic Vegetation of Boulders. Isolated boulders on rock surfaces 
are covered by chlorophytic lichens, mainly species of Caloplaca, Xantho
parmelia, and Tonninia. 

Vegetation of Drainage Channels. Drainage channels are cut into the rock 
surface by offrunning water. Phanerogamic vegetation is totally lacking 
and replaced by cyanobacteria and lichens. The whitish stripe known 
from other African inselbergs, which is a boundary zone of naked rock 
between cyanobacteria and lichens, has been observed on Malagasy insel
bergs too. 

Wet Flush Vegetation. Adjacent to the ephemeral flush vegetation, where 
water seeps continuously, communities which consist mainly of Utricula
ria species and other rainy-season ephemers occur on a carpet of cyano
bacteria covering the rock. This habitat type is frequent on inselbergs and 
other plain rocky outcrops in the Central Highland of Madagascar. 
Utricularia caerulea, U. firmula, U. subulata, Antherothoma naudinii, 
Emilia graminea, and different Eriocaulaceae are characteristic elements 
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for this vegetation type. All constituents of wet flush could also be observed 
in ephemeral flush vegetation. 

Vascular Lithophytic Vegetation. Only few species are growing on free ex
posed rocks. Several succulents, especially Aloe spp., Kalanchoe spp., and 
taxa from the Euphorbia milii complex are found here. Also orchids are fre
quent as colonizers of bare rock surfaces, e. g., Bulbophyllum oreodorum, 
Polystachya perrieri, or Angraecum sororium. They all are closely related to 
epiphytic taxa. Occasionally, Rhipsalis baccifera subsp. horrida is observed. 

One problem is the occurrence of neophytic weeds like Furcraea foetida 
(Agavaceae), which cover the rocks of some inselbergs nearly completely. 

10.4.5.2 Vegetation of Rock Crevices 

Vegetation of Horizontal Crevices, Vertical Crevices, and Clefts. Horizontal 
and vertical crevices bear a similar vegetation. Here ferns like the poikilo
hydric Actiniopteris radiata, Pellaea calomelanos, P. viridis, P. tripinnata, as 
well as some Cheilanthes and Asplenium, can be observed. Flowering 
plants found in this habitat are Impatiens baroni (under very humid con
ditions), Senecio spp., Helichrysum spp., Tetradenia spp., Cyanotis nodi
florum, and Bulbostylis spp. 

Vegetation around Boulder Bases. Shady habitats are provided around 
boulder bases. Here, beside several ferns, Impatiens baroni and species of 
Streptocarpus are growing. 

10.4.5.3 Vegetation of Rock Depressions 

Vegetation of Seasonal Rock Pools. Seasonally water-filled rock pools are 
almost devoid of ephemerals. On the inselbergs studied rock pools seem to 
be of rare occurrence. While one of them presented no phanerogamic 
vegetation (inselberg near Zazafotsy), the other was covered by a mat of 
Eriocaulon spp. and Rotala spp. (inselberg near Andranovelona). 

Other frequently observed elements are the ecologically widespread 
Digitaria horizontalis, Lindernia rotundifolia, Eragrostis sp. and the liver
wort Riccia trichocarpa. Several species occur on fine debris (Microchloa 
kunthii and Antherotoma naudinii), in the ephemeral flush vegetation 
(Utricularia caerulea, U. subulata, Bulbostylis sp.) and in monocotyledo
nous mats (Cyanotis nodiflorum) as well. The endemic Cyanotis nodiflorum 
(Fig.lOA.2) is a perennial species with close relationship to the East African 
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perennials of this genus. While in western and central Africa, annual species 
are dominating, e. g., Cyanotis lanata, an undescribed perennial, was ob
served on inselbergs in eastern Zaire (Porembski et al. 1997). 

Vegetation of Permanently Water-Filled Rock Ponds. Permanently water
filled rock ponds could not be observed. 

Vegetation of Rock Debris. On gentle slopes or flattened parts of rock fine 
material of erosion has been accumulated. This fine debris is colonized by 
a pioneer vegetation type consisting mainly of the annuals Perotis patens, 
Exacum spp., and Antherotoma naudini. Accessory differentials are 
Chamaecrista mimosoides, Emilia graminea, and Sporobolus pyramidalis, 
which invaded from the Loudetia mats. 

This plant community can be observed frequently adjacent to Coleo
chloa and Loudetia mats (see below). 

10.4.5.4 Vegetation of Soil-Filled Depressions 

Mats 

As a most uniform characteristic plant community inhabiting rock sur
faces monocotyledonous mats can colonize even steep slopes. In the 
Central Highland of Madagascar there are two plant communities, 

Fig. 10.4.2. Cyanotis no
diflorum, Andranovelona 
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which form the monocotyledonous mats at lower and medium altitudes 
(ca. <2000m). They are distinguished by their dominating species and 
several differentials. Most frequent are the Coleochloa setifera community 
as pioneer and the Loudetia simplex community on rocks with thicker 
humus layer. Above the altitude of 2000 m, a sharp impoverishment of the 
flora will be recognized, where Xerophyta dasylirioides is the dominant 
species while Coleochloa is greatly diminished or lacking. 

Coleochloa Mats. The Coleochloa setifera community (Fig. 10.4.3) shows a 
lot of geographic differentiations, due to the occurrence of local endemic 
species in its range. Common species in the whole area are: Coleochloa 
setifera, Myrothamnus moschata, Selaginella echinata, Sobennikoffia spp., 
and Xerophyta dasylirioides. The following genera occur in nearly all of the 
vegetation plots, but represented with different species: Aloe, Cynanchum, 
Euphorbia, Kalanchoe, and Senecio. 

Rocky outcrops in southern and central parts of the Coleochloa area 
bear either Pachypodium densiflorum or P. horombense and P. rosulatum; 
other geographical differentials (see below) are Angraecum sororium, 
Euphorbia milii agg., E. duranii, E. didierioides, Gladiolus bojeri,Ischnolepis 
tuberosa, Lindernia andringitrae, Nematostylis anthophylla, Perrierias
trum oreophilum, Radamea montana, Xerophyta pinifolia, and X. eglandu
losa. Typical cryptogamic elements are Cladonia pycnoclada, Leucobryum 
madagascariensis, and Pellaea boivinii. 

Fig. 10.4.3. Coleochloa mat near Fianarantsoa with Angraecum sororium (left) and 
Kalanchoe synsepala (right) 
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Mats Formed by Other Species. The floristically poor and very homo
genous Loudetia simplex community is characterized by the dominance of 
Poaceae, especially Loudetia simplex, Hyparrhenia TUfa, and Aristida 
rufescens. The following species have a scattered occurrence in this vege
tation type: Aloe macroclada, Antherotoma naudinii, Buchnera hispida, 
Exacum spp., Lasiosiphon madagascariensis, Rhynchelytrum roseum, and 
Tachiadenus longiflorus. Koechlin et al. (1974) presumed that the Loudetia 
mats are the natural habitats for several today widespread grasses 
(Aristida, Hyparrhenia, Loudetia) and it is possible that they invaded the 
secondary grassland from here. 

The Xerophyta dasylirioides community in the Central Highland on 
altitudes above 2000 m is characterized by Xerophyta dasylirioides and 
dominant cryptogams. Cladonia, Leucobryum, and Polytrichum are 
especially abundant and the stems of Xerophyta are covered by epiphytes 
such as Usnea spp., Parmotrema spp., and Frullania spp. 

Ephemeral Flush Vegetation. Plant cover which is supplied with water 
during the rainy season often develops on thin layers of peaty soil, adjacent 
to monocotyledonous mats or larger rock pools on less steep slopes. It is 
the most diverse habitat type dominated by many Cyperaceae (Bulbostylis, 
Cyperus, Scleria), Poaceae, carnivorous plants (Drosera, Utricularia, 
Genlisea), Eriocaulaceae, and Xyridaceae. 

Characteristic species of this vegetation type are: Cyperaceae (Bulbo
stylis spp., Scleria spp.), Crepidorhopalon microcarpaeoides, Drosera mada
gascariensis, D. indica, Eriocaulaceae, Lindernia parvifLora, L. viguieri, 
Lycopodiella affinis, Rhamphicarpa fistulosa, Schizaea pusilla, Micrageria 
filiform is, Utricularia species (U. caerulea, U. livida, U. subulata, U. firmula 
and U. prehensilis),Xyris spp. and bryophytes (Philonotis spp., Campylopus 
spp.). 

In the drier part of the Central Highland (mainly southwest of Ama
balavao and around Ihosy) the typical seasonal ephemeral flush vegetation 
is developed. These are types influenced by dry-season lack of perennials. 
Here, annual species form the main differentials like Bulbostylis sp., 
Lindernia parviflora, L. viguieri, Rhamphicarpa fistulosa, Utricularia 
subulata, and Drosera indica. The latter replaces the perennial Drosera 
madagascariensis in the drier areas as vicarious species. 

According to these observations, two communities can be distinguished: 
the more or less permanent humid Scleria community and the distinctly 
seasonal Bulbostylis community. 

The ephemeral flush vegetation is frequent in the central Highlands 
where even permanent wet formations occur. Here, perennials such as the 
hydrophilous Genlisea margaretae can survive. Most characteristic for 
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permanently humid formations are Scleria species, which are dominating 
elements within this vegetation type. With a high presence, Drosera 
madagascariensis, Utricularia caerulea, Xyris anceps, X. humilis, and 
Paepalanthus sp. occur. Genlisea margaretae has so far been recorded from 
only one station at Andranovelona (Klotz and K6ck 1991). 

As stated above, the ephemeral flush vegetation is the most species-rich 
habitat type occurring on Malagasy inselbergs; but it is a striking feature 
that endemic species are very rare or lacking. Thus, all species of 
Madagascan Utricularia occur in Africa or are even pantropical elements. 
Drosera madagascariensis, D. indica, and Antherotoma naudinii are 
widespread in Africa. Most of the Cyperaceae occur in tropical Africa as 
well and the putative endemic Genlisea margaretae (see below) is an 
eastern African element. Truly Malagasy endemics are: Exacum spp., 
Cynorchis uniflora, and Crepidorhopalon microcarpeoides. 

Woody Vegetation. Belt forests normally surround inselbergs at the foot, 
where the offrunning water causes the growth of woody formations as an 
azonal vegetation type even in dry climates. Due to human influence, the 
belt forests of our study inselbergs have totally disappeared. Only vestiges 
may have survived in remote areas. The same is true for the summit forests 
in our research area. The only observation we made was a small relic forest 
consisting of Uapaca bojeri, Sarcolaena grandiflora, Leptolaena spp., 
Xyloolaena perrieri, and Schizolaena microphylla on the twin inselberg of 
Zazafotsy. 

10.4.6 Systematic Characteristics 

The granitic and gneissic inselbergs of Madagascar bear a rich flora, which 
comprises 423 species of ferns and flowering plants (compiled after our 
own records and herbarium studies). This species number is certainly not 
complete, as modern taxonomic treatments for several important families 
(e.g., Eriocaulaceae, Fabaceae, Cyperaceae, Poaceae, cf. Bosser 1969) are 
lacking and the data concerning these groups were obtained mainly by our 
own field observations. For other families, supplementary data from 
herbarium study and literature (e.g., Polhill 1982; Rauh 1995; Flore de 
Madagascar) could be included. 

The most species-rich families on Madagascan inselbergs are Asteraceae 
(79 spp.), Poaceae (36 spp.), Orchidaceae (33 spp.), Asclepiadaceae (31 
spp.), Cyperaceae (26 spp.), Euphorbiaceae (22 spp.), Aloaceae (21 spp.), 
Scrophulariaceae (20 spp.), Gentianaceae (20 spp.), and Fabaceae (19 spp.). 
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These 10 families comprise 307 species, i. e., 73 % of the total inselberg 
flora. The surprisingly high number of Orchidaceae includes 21lithophytic 
species from a mainly epiphytic relationship (Angraecum, Bulbophyllum, 
Jumellea, Polystachya, Sobennikoffia) and 12 terrestrial orchids from the 
genus Cynorkis. 

The remaining 116 species belong to 25 families (see Table 1004.1). 

10.4.7 Life-Forms and Adaptations 

An analysis of life-forms found in the Madagascan inselberg flora 
(definitions according to Seine 1996) reveals 29 phanerophytes (7 %),182 
chamaephytes (43 %),38 hemicryptophytes (9 %),123 therophytes (29 %), 
30 geophytes (7 %), 20 lithophytes (5 %) and Iliana (0.2 %). 
Succulents. A unique feature of the Madagascan inselbergs is the richness 
of succulents (Rauh 1995); 123 species (29%) have either succulent leaves 
and/or stems. They belong to the following genera: Aloe (21 spp., Reynolds 
1966), Angraecum (7 spp.), Bulbophyllum (4 spp.), Ceropegia (8 spp.), 
Cynanchum (17 spp.),Euphorbia (12 spp.),Jumellea (4 spp.),Kalanchoe (9 
spp.), Pachypodium (6 spp.), Perrierastrum (1 sp.), Polystachya (4 spp.), 
Rhipsalis (1 sp.), Sarcostemma (4 spp.), Sedum (1 sp.), Senecio (21 spp.), 
Sobennikoffia (2 spp.), and Stapelianthus (1 sp.). 
Poikilohydrics. Twenty four species (5.6%) are resurrection plants and the 
majority of them (16 spp.) belongs to the ferns (Actiniopteris, Cheilanthes, 
Pellaea, Selaginella, see Alston 1932; Gaff 1971; Rauh and Hagemann 1991; 
Tardieu-Blot 1958). However, eight angiosperm species are poikilohydric 
as well. Within the monocotyledons, Coleochloa setifera (Cyperaceae) and 
the three Xerophyta species (X. dasylirioides, X. eglandulosa, X. pinifolia, 
Smith and Ayensu 1974) are such resurrection plants. Poikilohydric 
dicotyledons are Myrothamnus moschata (Myrothamnaceae), Lindernia 
andringitrae, L. horombensis, and L. pygmaea (Scrophulariaceae). 
Carnivorous Plants. Typical elements of wet and ephemeral flush vege
tation on inselbergs are carnivorous plants, which comprise 17 species 
(4 %) in Madagascar. The cosmopolitan carnivorous genus Drosera occurs 
with five species (Keraudren-Aymonin 1982): D. natalensis,D. burkeana,D. 
madagascariensis, D. humbertii, which is confined to a small area in nor
thern Madagascar (Marojejy massif), where it grows on granitic outcrops 
in the summit region above 1400 m, and D. indica. 

The genus Genlisea is represented with one species, G. margaretae (G. 
recurva); it has been described from the surroundings of Tananarivo. 
(Bosser 1956, 1959) and was only known from this type locality. Rauh 
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Table 1004.1. Species numbers and endemics of the Malagasy inselberg flora (based on 
our own records, herbarium specimens, and Flore de Madagascar et des Comores) 

Family No. of species No. of endemic Endemics Endemic genera 
on inselbergs species (%) 

Asteraceae 79 75 95 Syncephalum 
Poaceae 36 15 42 Isalus, Stenotaphris 
Orchidaceae 33 33 100 Sobennikoffia 
Asclepiadaceae 31 30 97 Stapelianthus, 

Ischnolepis 
Cyperaceae 26 0 0 
Euphorbiaceae 22 21 96 
Aloaceae 21 21 100 
Scrophulariaceae 20 12 60 Pseudomelasma, 

Radamaea 
Gentianaceae 20 20 100 
Fabaceae 19 11 58 Mundulea 
Adiantaceae 13 3 
Lentibulariaceae 12 0 0 
Crassulaceae 10 10 100 
Apocynaceae 9 9 100 
Melastomataceae 9 8 88 Amphorocalyx, 

Dionychia, 
Grawesia 

Acanthaceae 8 6 75 Achyrocalyx 
Rubiaceae 8 4 50 Nematostylis 
Droseraceae 5 1 
Eriocaulaceae 5 1 
Lamiaceae 5 5 100 Perrierastrum 
Sarcolaenaceae 5 5 100 Leptolaena, 

Sarcolaena, 
Schizolaena, 
Xyloolaena 

Thymeleaceae 4 4 100 
Amaryllidaceae 3 0 0 
Commelinaceae 3 1 
Iridaceae 3 3 100 
Velloziaceae 3 3 100 
Balsaminaceae 2 2 100 
Selaginellaceae 2 2 100 
Burmanniaceae 0 0 
Cactaceae 0 0 
Dioscoreaceae 100 
Myrothamnaceae 100 
Ophioglossaceae 0 0 
Ranunculaceae 0 0 
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(1973) stated that the locus classicus has been destroyed and so the species 
was thought to be extinct in Madagascar. Klotz and Kock (1991) discovered 
in 1988 a further locality near Andranovelona. The genus Utricularia also 

occurs in ephemeral flush vegetation, among them U. arenaria, U. livida, 
U. subulata, U. scandens, U. prehensilis, and U. caerulea (Taylor 1989). 

10.4.8 Biogeography and Endemism 

The flora of Madagascar shows a high degree of endemism which sur
passes 80 % on species level and 20 % on the level of genus (Rauh 1973; 
Leroy 1978). Similar results can be obtained regarding the flora of 
inselbergs. From the 423 species of vascular plants (25 pteridophytes, 398 
angiosperms), 304 (72 %) are endemic to Madagascar. On generic level, 20 
genera of the 124 genera observed are endemic, which is 16 % (Tab. lOA. 1). 

The degree of endemism varies considerably within the families. Many 
of the endemic species have close relatives in continental Africa. Examples 
are the poikilohydric species of Velloziaceae and Cyperaceae, which all 
show close relationship to East African taxa or even actually occur in 
eastern Africa (Coleochloa, Haines and Lye 1983). The same is true for 
Myrothamnus moschata (Myrothamnaceae), closely related to M. flabelli
folia, and for the three poikilohydric Lindernia species (L. andringitrae, 
L. horombensis, L. pygmaea, Fischer 1995), which find their closest relatives 
in the African taxa L. welwitschii, L. yaundensis, L. sudanica, and L. pul
chella (Fischer 1992). Koechlin et al. (1974) name another interesting 
member of the high mountain moncotyledonous mats, Sedum madagas
cariense, from the Andringitra massif, whose closest relative, Sedum 
churchillianum, occurs in the Ruwenzori mountains in central Africa. It is 
interesting to note that there are nearly no relations to the inselberg flora 
of the Seychelles or Southeast Asia (Biedinger and Fleischmann, this Vol.). 
In this respect, inselbergs sharply contrast with the surrounding vege
tation, where Asian elements are quite well represented (see Leroy 1978), 
while they are almost lacking on Malagasy inselbergs. 

The more widespread taxa usually were also recorded in eastern and 
southern Africa. Characteristic examples are Actiniopteris australis, A. ra
diata, Pellaea boivinii, Coleochloa setifera, Drosera burkeana, D. madagas
cariensis, D. natalensis, Genlisea margaretae, Utricularia appendiculata, 
U. bisquamata, U. firmula, U. prehensilis, and U. welwitschii. Lindernia 
nummulariifolia and Utricularia arenaria are widespread in tropical 
Africa and India. Drosera indica, Utricularia foveolata, and U. scandens are 
widespread paleotropic elements known from Africa to Australia. Rhip-
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salis baccifera is known from South America, Africa, and Sri Lanka. It has 
developed a secondary evolution center on Madagascar. Rhipsalis baccifera 
was probably introduced by bird dispersal and beside the epiphytic subsp. 
mauritiana, a neotenic race with aberrant mesotonic branching and bristly 
stem, R. baccifera subsp. horrida (Barthlott and Taylor 1995) has evolved. 
Utricularia livida is recorded also from Mexico and Africa and Utricularia 
subulata is a pantropical element. Sarcostemma australe shows a Madagas
can-Australian disjunction and is lacking in Africa. Another phytogeo
graphically interesting species is Utricularia caerulea, which ranges from 
India to Japan, New South Wales, and north to central Madagascar and 
does not occur in Africa. 

Mechanisms of speciation can be observed in the taxonomically most 
difficult Euphorbia milii aggregate which comprises at least 20 subspecies, 
varieties, and forms. On nearly each investigated inselberg, taxa from this 
compact succulent shruby group could be found. According to our field 
observation, however, it seems that not every inselberg is characterized by 
a special taxon, as has been stated (e.g., Rauh 1995). Neighboring insel
bergs generally possess the same, mainly locally restricted, species or 
variety. However, different taxa can be observed in the Central Plateau 
inselbergs in larger neighboring areas, an observation which gave rise to 
the statement cited above. Euphorbia milii s.str. has been recorded from 
the region north to Antananarivo south to Ambrositra with different 
varieties. E. fianarantsoae occurs only around Fianarantsoa, while E. 
duranii is distributed from Fianarantsoa to Ambalavao. All these taxa 
preferably grow in Coleochloa mats. Another closely related species 
growing on gneissic or granitic outcrops is E. didierioides (Fig. 10.4.4) 
which has been observed on rock plateaus near Ihosy growing in fine 
debris. 

One of the most striking features is a substrate specifity observed in 
most of the succulent genera. From the species of Aloe, 21 are confined to 
granite and gneiss, 13 taxa can be found onlyon quartz, 7 taxa are confined 
to limestone, and on triassic sandstone, mainly in the Isalo mountain, 
4 endemic taxa can be found (Reynolds 1966). Like Aloe, the Pachypodium 
species show a strong connection to the rock type (Markgraf 1976). Only 
P. baronii var. baronii in North Madagascar; P. densiflorum (Fig. 10.4.5), 
P. horombense and P. rosulatum var. rosulatum on the Central Plateau and 
the recently discovered P. inopinatum (Lavranos 1996), known from only 
one inselberg in the Central Plateau west of Lac Alaotra, are typical 
inselberg taxa growing on granitic outcrops. P. baronii var. windsori and 
P. decaryi are found on limestone in northern Madagascar. P. brevicaule is 
confined to quartz in the Ibity and Itremo mountains. P. rosulatum var. 
gracilius prefers sandstone habitats in the Isalo mountains (Rauh 1992). 
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Fig. 10.4.5. Pachypodium densiflorum, Ihosy 
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Fig. 10.4.4. Euphorbia didi
erioides, Ihosy 
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Similar observations can be made in the genera Kalanchoe, Senecio, 
Euphorbia, and Ceropegia. 

lO.4.9 Considerations upon Diversity 

Here, only a few remarks on diversity will be made. High alpha diversities 
were shown by ephemeral flush vegetation, where the Shannon index H 
varied between 1.93 and 2.14. The Shannon index of Colechloa mats was, 
however, considerably lower and ranged between 1.43 and 1.66. As rock 
pools have only been observed occasionally, no comparative data can be 
presented here. Beta diversity within Coleochloa mats varied from 0.375 to 
0.761, the average being about 0.583. This can be explained on one hand by 
the occurrence of some regional differential species with only restricted 
distribution (especially from Aloe, Pachypodium and the Euphorbia milii
complex), which resulted in comparatively high beta diversity (low values), 
and on the other by the common basic structure of these mats, which bear 
generally the same characteristic species. In ephemeral flush vegetation, 
beta diversity was much higher (between 0.023 and 0.098) and only very 
few species are common to the inselbergs studied. This may be caused by 
the local distribution of several species (e. g., Genlisea margaretae and 
several Utricularia spp.) as well as by the different precipitation on the 
inselbergs studied. Thus, the different length of dry season seems to be one 
of the most important factors for this high diversity. 
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